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HEAT CONDUCTIVE SHEET AND METHOD OF PRODUCING THE SHEET 



Field of the Invention 

This invention relates to a heat conductive sheet and a production method 
thereof. More specifically, this invention relates to a heat conductive sheet, which 
is useful as a heat transfer medium of electronic components and so forth, and a 
production method thereof. 

Background of the Invention 

Dissipation of heat from heat generating members has become a problem in 
various fields. In a variety of devices, such as electronic devices, personal 
computers, and so forth, in particular, removal of heat from heat generating 
electronic components and other components (hereinafter generically referred to as 
the "heat generating components") incorporated in these devices has become a 
serious problem. The probability of erroneous operations of various heat 
generating components is likely to increase exponentially as the temperature of the 
components rises. Because these heat generating components have become 
smaller and smaller in size, and the processing speed has become higher and higher 
in recent years, the requirement for heat radiation performance has become all the 
more important. 

Various heat radiation members such as a heat sink, a heat radiation fin, a 
metal heat radiation plate, etc. have been incorporated with heat generating 
components in order to dissipate the heat generated from, and built up in, the heat 
generating components. Also, various heat transfer sheets have been used as a heat 
transfer spacer and as a heat transfer medium between the heat generating 
components and the heat radiation member. A heat transfer spacer exhibiting high 
heat conductivity of at least 2.0 W/m*K and sufficiently reduced heat resistance in 
the packages has become necessary, particularly in recent years, in order to cope 
with remarkable exothermy resulting from a higher output operation of electronic 
devices. 



Most of the conventional heat conductive sheets comprise the blend of a 
silicone rubber and a filler for improving heat conductivity. Examples of this filler 
are alumina, silica (quartz), boron nitride, magnesium oxide, and so forth. As a 
concrete example, Japanese Unexamined Patent Publication (Kokai) No. 56-837 
describes a heat radiation sheet comprising an inorganic filler and a synthetic 
rubber such as a silicone rubber as the principal components, wherein the inorganic 
filler comprises two components of (A) boron nitride and (B) alumina, silica, 
magnesia, zinc white and mica. Japanese Unexamined Patent Publication (Kokai) 
No. 7-11 1300 describes an insulating, heat radiation sheet formed by causing 
boron nitride powder having a thickness of at least 1 \irn to be co-present with a 
silicone rubber. Japanese Unexamined Patent Publication (Kokai) No. 7-157664 
describes a heat conductive silicone rubber sheet that contains at least boron nitride 
and a ceramic material having the same crystal structure as that of boron nitride or 
a basic metal oxide in a silicone rubber, and is applied to a woven fabric. 
Furthermore, Japanese Unexamined Patent Publication (Kokai) No. 10-204295 
discloses a heat conductive silicone rubber composition useful for forming a sheet, 
which composition contains (A) a specific organopolysiloxane, (B) boron nitride 
powder, (C) a fluorine-modified silicone surfactant and (D) a curing agent. 

Though these heat conductive silicone rubber sheets exhibit high heat 
conductivity, they involve several problems yet to be solved. For example, 
silicone rubber itself is expensive, and its cost is reflected in the cost of the heat 
radiation sheet. Because the sheet is fabricated by using silicone rubber having a 
low curing rate, the production process of the sheet is time-consuming. Because 
large amounts of fillers are added in order to improve heat conductivity, a working 
machine is likely to be worn out with the increase of the viscosity. The production 
process of such a sheet is complicated, and the production apparatus includes an air 
heating furnace, a press machine, etc. and becomes large in scale. 

The sheet itself of the conventional silicone rubber sheet is hard. 
Therefore, if the heat generation component or the heat radiation member has a 
specific shape, such as ruggedness or curvature, the sheet cannot follow such a 
shape, and the heat resistance increases due to the resulting gaps. If the rubber 
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sheet is pushed strongly in order to eliminate such gaps, delicate electronic 
components are pushed excessively, and functional troubles are likely to occur. 

Attempts have been made in recent years to make the silicone rubber softer 
so that the rubber sheet can acquire high adhesion capable of following the shapes 
of the components having complicated shapes. For example, Japanese 
Unexamined Patent Publication (Kokai) No. 10-189838 discloses a heat 
conductive gel useful for a heat radiation sheet, which gel is prepared by adding a 
silicone oil and a heat conductive filler such as boron nitride, silicon nitride, 
aluminum nitride, magnesium oxide, or the like, by using a condensation type gel 
such as a condensation curing type liquid silicone gel as a binder, and which is 
cured to the gel at a normal temperature. Though this heat radiation sheet can 
obtain high adhesion, however, its heat conductivity remains about 0.8 to 1.1 
W/m*K. Therefore, the heat conductivity must be further improved in order to 
satisfy the recent requirement. If the packing ratio of the filler is increased to 
obtain higher heat conductivity, plasticity of the gel composition drops and the 
forming property gets deteriorated. Furthermore, the strength of the heat radiation 
sheet obtained after curing drops too. Even if the combination of the two kinds of 
inorganic fillers (A) and (B) described in the aforementioned Japanese 
Unexamined Patent Publication (Kokai) No, 56-837 is added to the silicone gel, 
the highest packing ratio that allows sheet forming is at most 45%, and a heat 
conductive sheet satisfying both requirements for high adhesion and high heat 
conductivity cannot be acquired. 

In addition, another problem is caused if the silicone rubber or other heat 
conductive sheets are made to be softer. In other words, the heat conductive sheet 
is offered generally under the state where its tacky surface is covered with a release 
liner (release paper), and the release liner is peeled immediately before using the 
sheet. As the sheet thickness becomes smaller to satisfy the requirement for higher 
heat radiation performance, the heat conductive sheet is likely to get elongated 
when it is peeled from the release liner; and, when the liner is peeled after bonding, 
bonding of the sheet in a desired shape becomes difficult. 

As a means for solving the problem of elongation of the heat conductive 
sheet, it has been customary to use the heat conductive sheet under the state where 



it is supported by a support such as a plastic film, a metal foil, or the like. For 
example, Japanese Unexamined Patent Publication (Kokai) No, 6-291226 
describes a heat radiation sheet having the feature in that a cured product of a 
silicone resin composition containing a heat conductive material is applied to one, 
or both, of the surfaces of a metal foil (foil of aluminum, copper, silver, etc) having 
preferably a thickness of 0.01 to 0.05 mm. Japanese Unexamined Patent 
Publication (Kokai) No. 9-17923 describes a heat conductive sheet characterized 
by including a silicone gel layer on both surfaces of a support of an aluminum foil, 
or the like, having preferably a thickness of 0.025 to 0. 10 mm. The metal foil used 
as the support is excellent in heat conductivity. However, because the thickness of 
the support is 0.02 mm or more, the foil lacks flexibility. When the support is the 
outermost layer and is in direct contact with the surface of the heat generating 
component or the surface of the heat radiation member, however, the foil fails to 
sufficiently follow the surface shape, and desired heat radiation performance 
cannot be obtained. 

Japanese Unexamined Patent Publication (Kokai) No. 8-174765 discloses a 
heat-resistant heat conductive silicone rubber composite sheet obtained by curing a 
silicone rubber composition consisting of organopolysiloxane, carbon black and a 
curing agent on a heat-resistant resin film having a thickness of 5 to 300 \im and a 
glass transition point of not lower than 200°C. Preferred examples of the heat- 
resistant film used in this reference as the support are a polyimide film and a 
polyamide film. Such supports are superior in flexibility to the metal foil 
described above. However, because heat conductivity is still low, there remains 
the problem that the heat resistance in the thickness-wise direction of the sheet 
remarkably increases. 

If the thickness of the metal foil or the plastic film as the support is 
decreased to reduce the heat resistance in the thickness-wise direction of the heat 
conductive sheet, wrinkles are likely to occur in the support, or the support is 
ruptured or elongated, when the sheet is formed. For these reasons, it is difficult to 
manufacture heat conductive sheet products with high yield, that is, economically, 
in the practical production process. 



Besides the heat conductive sheets described above, International 
Publication No. W096/37915 describes an electronic circuit assembly including 
(a) a heat sink, (b) an electronic circuit, and (c) an insulation layer interposed 
between the heat sink and the electronic circuit, wherein the insulation layer 
comprises (i) a first heat conductive adhesive layer keeping contact with the heat 
sink, consisting of an adhesive and heat conductive solid particles, and having a 
thickness of less than 60 f*m, (ii) a heat resistant resin layer having a thickness of 
less than at most 15 ^m and not containing a filler, and (iii) a second heat 
conductive adhesive layer keeping contact with the electronic circuit, consisting of 
an adhesive and heat conductive solid particles and having a thickness of less than 
60 \im. However, the insulation layer having the three-layered structure and used 
hereby as the heat radiation sheet has a complicated structure, is not easy to 
produce, and cannot yet solve the problems with the prior art described above. 

It is therefore an object of the present invention to provide a heat 
conductive sheet that solves a large number of problems of the prior art described 
above, has flexibility, can follow a specific shape such as ruggedness and 
curvature, which can therefore insure high adhesion and at the same time, high heat 
conductivity of at least 2.0 W/m»K and thus sufficiently reduced heat resistance in 
the packages, is free from the occurrence of wrinkles and rupture even when its 
thickness is decreased, and is excellent in formability during the formation of the 
sheet and in the working factor of bonding. Another object of the present 
invention is to provide a method of producing such heat conductive sheet. 

Summary of the Invention 

To accomplish the object described above, the present invention provides a 
heat conductive sheet including a substrate and a heat conductive resin layer 
applied to at least one surface of the substrate, wherein the heat conductive resin 
layer contains a binder resin and a heat conductive filler dispersed in the binder 
resin. 

Further, according to the present invention, there is provided a method of 
producing a heat conductive sheet including a substrate and a heat conductive resin 
layer applied to at least one surface of said substrate, comprising the steps of: 



supporting said substrate by a support; 

applying a film-forming resin composition containing a binder resin 
and a heat conductive filler to a non-supporting surface of said substrate to 
form a heat conductive resin layer; and 

separating the resulting heat conductive sheet from said support. 

Brief Description of the Drawings 

Fig. 1 is a sectional view showing a heat conductive sheet according to one 
preferred embodiment of the present invention. 

Fig. 2 is a sectional view showing, step-wise, a production process of a heat 
conductive sheet according to one preferred embodiment of the present invention. 

Fig. 3 is a sectional view showing, step-wise, a production process of a heat 
conductive sheet according to another preferred embodiment of the present 
invention. 

Fig. 4 is a representation of an LSI chip used for evaluating handling 
property of exemplified heat conductive sheets. 
Detailed Description of the Preferred Embodiments 

As shown schematically in Fig. 1, a heat conductive sheet 10 according to 
the present invention includes a substrate 1 and a heat conductive resin layer 2 as 
the constituent elements. In this instance, the heat conductive resin layer 2 may be 
disposed on one surface of the substrate 1 as shown in Fig. 1. Alternatively, 
another heat conductive resin layer 5 may be disposed on the side opposite to the 
heat conductive resin layer 2 as indicated by a dotted line in Fig. 1. Whether the 
heat conductive resin layer 2 is disposed on one, or both, of the surfaces of the 
substrate I is determined arbitrarily depending on the application of the intended 
heat conductive sheet 10 and other factors. When handling property of the sheet is 
taken into account, the heat conductive resin layer 2 is generally, and preferably, 
disposed on only one surface of the substrate 1. In this case, the thickness of both 
of them is preferably as small as possible. The heat conductive resin layer 2 (and 
5) assembled into the heat conductive sheet 10 of the present invention is 
constituted as to contain at least a binder resin 3 and a heat conductive filler 4 



dispersed in the binder resin 3. Hereinafter, preferred embodiments of the present 
invention will be explained with reference to each of these constituent elements. 

In the practice of the present invention, the heat conductive resin layer can 
be formed by using various binder resins, which are generally used as the binder or 
binding resins for producing the heat conductive sheet, as the main agent. The 
binder resins suitable as the main agent for forming the heat conductive resin layer 
are not always limited to the following example, but they are of a two-component 
type resin such as a silicone gel or a urethane resin, a synthetic rubber type resin, 
and a thermoplastic resin of an acrylic type. Among them, the two-component 
type silicone gel and the urethane resin can be used advantageously when the film 
formation of the heat conductive resin layer on the substrate and the film formation 
method employed thereby are taken into consideration. 

Though the two-component type silicone gel and the urethane resin include 
a variety of resins, any two-component type resins can be used in the present 
invention so long as the resins do not contain volatile components, have 
sufficiently long pot life after mixing of the two components, and a practically long 
curing time, to such an extent as not to impede the production process, or 
concretely speaking, from several minutes to several hours, for example, and 
moreover, so long as the resin after curing has sufficient softness. Among them, 
the silicone gel can be used most advantageously because it is soft over a broad 
temperature range and is excellent in heat resistance. 

More concretely, the silicone gel comprises generally an 
organopolysiloxane having an alkenyl group and organopolysiloxane having a 
silicon-bonded hydrogen atom, and is commercially available as an addition 
reaction curing type silicone composition. Such a silicone composition is available 
in two types, i.e. one-component type and two-component type. The one- 
component type silicone composition can provide a soft gel after being heated, and 
the two-component type can provide a soft gel after being mixed and then heated. 
In the embodiments of the present invention, the two-component type silicone 
composition can be used specifically advantageously as described above. 

The filler used in combination with the binder resin for forming the heat 
conductive resin layer is not particularly limited so long as it can provide the heat 



conductive resin layer having heat conductivity of a desired level when it is 
uniformly dispersed in the binder resin. Various materials used generally as the 
filler for producing the heat conductive sheet can be used in the present invention 
too. Though the appropriate filler is not limited particularly to the following 
fillers, inorganic materials typified by ceramic materials such as silicon carbide, 
boron nitride, aluminum oxide and aluminum nitride, can be used preferably. Such 
inorganic fillers can be used advantageously in the form of particles. 

Though the particles of the inorganic fillers can be used individually, two 
or more kinds of the same or different kind of inorganic filler particles having 
mutually different particle diameters are preferably used in mixture and in 
combination. Among others, the combination in which one of the kinds of the 
filler particles is silicon carbide particles having a smaller specific area, or particles 
having a relatively large particle diameter, and the other kind of the filler particles 
is the boron nitride particles having a smaller particle diameter than the silicon 
carbide particles, satisfies both heat conductivity and economy, and can be used 
most advantageously. The silicon carbide particles having mutually different 
particle diameters may be used naturally, whenever required, or only the boron 
nitride particles having mutually different particle diameters may be used as well. 
Incidentally, the term "particle" used in this specification has a broad meaning, and 
therefore includes so-called "powder," "particulate form," and so forth, beside the 
particles generally used. 

The following explanation, which is merely representative but in no way 
restrictive, is directed to having the present invention further easily understood. 
The following remarkable effects can be obtained when the binder resin is the 
silicone gel and the inorganic filler dispersed in the gel is the combination of the 
silicon carbide particles having a large particle diameter and the boron nitride 
particles having a small particle diameter. 

When the two kinds of filler particles are used in combination and their 
blend ratio is controlled, the characteristics of the respective particles can be 
sufficiently exploited. Consequently, heat conductivity can be improved and 
formability during sheet formation can be improved without spoiling softness of 
the silicone gel. In practice, the heat conductive sheet obtained in this way can 



exhibit by far excellent softness in comparison with the conventional silicone 
rubber heat conductive sheets. When these two kinds of particles are dispersed in 
the silicone gel, the large silicon carbide particles are distributed in such a fashion 
as to define gaps, and the small boron nitride particles fill these gaps and provide a 
compact structure* From this aspect, too, these particles greatly contribute to the 
improvement of heat conductivity and other effects. 

The silicon carbide particle as the first filler has been used as the filler in 
the conventional silicone rubber heat conductive sheet too. Generally, the silicon 
carbide particles of the type, that have been used as a polishing agent in the 
industrial field, can be used advantageously in the present invention. The shape of 
the silicon carbide particles is not limited, in particular, and the particles may be 
spherical or flat, sheet-like particles. The size of the silicon carbide particles can 
be varied over a broad range in accordance with the desired effect and with the size 
of the boron carbide particles used simultaneously. However, it is generally, and 
preferably, within the range of 1 to 200 jim, and more preferably within the range 
of 10 to 180 nm. Since the silicon carbide particle has an extremely smaller 
specific surface area than other filler particles, the packing density of the filler 
particles can be increased to the maximum level and heat conductivity can be 
improved remarkably when it is combined with the boron carbide particle, as 
explained already. 

The boron carbide particle as the second filler, too, has been used as the 
filler in the conventional silicone rubber heat conductive sheets. Though the boron 
carbide particle includes various types of particles, the boron carbide particle of the 
hexagonal system is used generally, and preferably, from the aspect of excellent 
heat conductivity. The shape of the boron carbide particle is not limited, in 
particular, and may be spherical or flat, sheet-like. The size of the boron carbide 
particle can be changed over a broad range in accordance with the desired effect 
and with the size of the silicon carbide particle that is used simultaneously. 
However, it is preferably within the range of 1 to 200 \im and more preferably 10 
to 100 jim. For example, when the size of the silicon carbide particle is 50 \im, the 
size of the boron carbide particle used simultaneously is not greater than 50 \im. 
For example, it is preferably at least 10 ^m and less than 50 |im. Incidentally, the 



term "particle diameter" used herein is a mean value, and particles, a part of which 
falls off from the predetermined range of the size, may be used in the present 
invention because the particle diameter includes variance in nature. 

The mixing ratio of the silicon carbide particle and the boron carbide 
particle in such composite filler particles can be changed broadly in accordance 
with the desired effect. Generally, 100 to 800 parts by volume of the silicon 
carbide particles are preferably added to 100 parts by volume of the boron nitride 
particles. More preferably, 150 to 700 parts by volume of the silicon carbide 
particles are added to 100 parts by volume of the boron nitride particles. If the 
mixing amount of the silicon carbide particles is below 100 parts by volume, the 
specific surface area of the mixed filler particles increases, so that the highest 
packing ratio of the filler to the silicone gel drops and sufficient heat conductivity 
cannot be obtained. If the mixing amount of the silicon carbide particles exceed 
800 parts by volume, on the contrary, sufficient heat conductivity cannot be 
obtained because the mixing ratio of the boron nitride particles having high heat 
conductivity becomes small. 

In the embodiment of the present invention, mixing of the heat conductive 
fillers to the silicone gel and other binder resins can be changed variously in 
accordance with the desired effect. Generally, the mixing ratio of the binder resin 
and the fillers is preferably 90 to 150 parts by volume of the fillers to 100 parts by 
volume of the binder resin. More preferably, 100 to 140 parts by volume of the 
fillers are added to 100 parts by volume of the binder resin. If the mixing amount 
of the fillers is below 90 parts by volume, heat conductivity becomes excessively 
low and if it exceeds 140 parts by volume, on the contrary, mixing of the binder 
resin and the fillers and formation of the heat conductive sheet become extremely 
difficult. Moreover, the resulting sheet becomes extremely brittle and cannot be 
used practically. 

The heat conductive resin layer may contain optional additives, if 
necessary, in addition to the binder resin and the heat conductive filler described 
above. Suitable additives include a surfactant, a flame-retardant, a whisker, a 
fibrous filler, and so forth. 
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The heat conductive resin layer can be formed to a predetermined thickness 
by a conventional film formation methods such as coating, sheet forming, and so 
forth. Sheet forming can be used particularly advantageously as will be explained 
next concretely. In other words, the constituent components of the layers 
described above are kneaded either simultaneously or step-wise in an arbitrary 
sequence, and the resulting mixture, that is, the film-forming resin composition, 
preferably a heat conductive compound, is formed into the sheet on the substrate 
by a sheet forming machine. In this sheet forming operation, the film-forming 
resin composition is applied to the surface of the substrate preferably under the 
state where the substrate is kept supported on a support. 

The heat conductive resin layer formed in this way may have various 
thicknesses depending on the object of use of the heat conductive sheet or on the 
position of application. However, the heat conductive resin layer is preferably as 
thin as possible, and has generally, and preferably, a thickness within the range of 
0.05 to 6.0 mm, preferably within the range of 0. 10 to 2.5 mm. If the thickness of 
the heat conductive resin layer is less than 0.05 mm, air is likely to be entrapped 
between the exothermic components and the heat radiation members and, 
eventually, sufficient heat radiation performance cannot be obtained. If the 
thickness exceeds 6.0 mm, on the contrary, the heat resistance of the sheet 
becomes so great that heat radiation performance is lost. 

The substrate for supporting the heat conductive layer is not particularly 
limited so long as it satisfies the object of the present invention, but is preferably a 
plastic film, a metal foil or a single spread adhesive film. The optimum substrate 
can be selected and used depending on the formation method of the heat 
conductive sheet, the object of its use, the application portion, and so forth. 
Although such a substrate is generally used as a single layer substrate, it may be a 
laminate structure of two or more layers. 

For example, the plastic film useful as the substrate is a polyolefin film. It 
has high heat conductivity and weatherability, and a film having relatively high 
substrate strength can be advantageously used. Suitable examples of the polyolefin 
film include a polyethylene film, a polypropylene film, an EVA film, an EAA film 
and an ionomer film, though they are not restrictive examples. Among these 



polyoiefin films, a highly crystalline and high density polyethylene and ultra-high 
molecular weight polyethylene films can be used most appropriately because they 
are excellent in strength and have relatively high heat conductivity even when they 
are thin. The thickness of such a polyoiefin film can be changed broadly 
depending on various factors, but is as small as possible. Generally, the film 
thickness is within the range of 1 to 25 jim. If the thickness is below 1 ^im, it 
becomes difficult to form a thin film devoid of defects even when it is applied and 
laminated onto the substrate even when the film-forming resin composition is 
supported by the support and is applied to the substrata If the thickness of the 
film exceeds 25 |nm, on the other hand, the heat resistance in the thickness-wise 
direction of the sheet becomes great, and heat radiation performance drops. When 
the film-forming resin composition is sandwiched between two mold release films 
and the resulting laminate is passed through two rolls, or is rolled by a press 
machine, as in the case of the formation of the ordinary films, the thin polyoiefin 
film involves the possibility of the occurrence of wrinkles and rupture or 
elongation, as described already. However, the present invention can eliminate 
this possibility by laminating, in advance, the film on the substrate supported by 
the support before the resin composition is formed into the sheet. This also holds 
true in the case when the metal foil, the single spread adhesive film, or the like, is 
used as the substrate in place of the plastic film, as will be explained below 
concretely. 

The metal foil useful as the substrate is the foil of various metals such as 
aluminum, copper, gold, silver, lead, stainless steel, and so forth. Here, the term 
"foil" represents generally thin materials, and includes so-called "metal sheets" and 
"metal foils". Though the thickness of the metal foil can be changed broadly in 
accordance with various factors, the thickness is preferably as small as possible in 
the same way as the plastic film described above, and is generally and preferably 
within the range of 1 to 20 |im. If the thickness of the metal foil is smaller than 1 
pm, the bonding work of the foil to the support becomes difficult, and if the 
thickness of the metal foil exceeds 20 pm, on the contrary, softness of the substrate 
drops and the follow-up property drops, too. 
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In the practice of the present invention, the single spread adhesive tape can 
be used as the substrate, too. Having the adhesive layer on one surface thereof, the 
film allows the efficient bonding work when the substrate is bonded to the support. 
The most appropriate single spread adhesive film may be selected from among 
those films that are commercially available. The thickness of the single spread 
adhesive film is generally, and preferably, within the range of 1 to 25 \im in the 
same way as in the case of the polyolefin films described above. 

The heat conductive sheet according to the present invention can be 
produced by placing and fixing in advance the substrate onto a suitable support, 
and forming the heat conductive resin layer on the surface of the substrate under 
such a state. The production method employed hereby can be changed variously 
within the scope of the present invention, but basically includes the following 
steps. 

(1) a step to support the substrate by the support; 

(2) a step to apply the film-forming resin composition containing the 
binder resin and the heat conductive filler, preferably the heat conductive 
compound, to the non-supporting surface of the substrate, that is, the surface 
opposite to the surface supported by the support, and to form the heat conductive 
resin layer; and 

(3) a step to separate the resulting heat conductive sheet from the 
support. 

The support used herein for supporting the substrate is not limited, in 
particular, but is preferably a film made of a material excellent in heat resistance, 
strength and dimensional stability. Such a support film is specifically preferably 
the film made of the same material and having substantially the same thickness as 
the release film (cover film) used in combination during rolling to form the heat 
conductive sheet. One suitable example of the support film is a biaxially oriented 
polyester film. 

The production method of the heat conductive sheet will be explained 
further concretely. First, a predetermined amount of the filler particles are 
prepared, and are mixed with the undiluted solution of the silicone gel that is 
prepared separately. In this mixing operation, the mixture is sufficiently kneaded 
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until the filler particles are uniformly dispersed and kneaded in the silicone gel. 
Because the viscosity of the mixture becomes extremely high, a kneading machine 
such as a kneader or a planetary mixture is used appropriately. 

Next, the resulting mixture is applied to a suitable substrate and is formed 
into the sheet on this substrate. It is preferred in the present invention to support 
the substrate by the support prior to this forming work. The step of supporting the 
substrate by the support can be generally carried out by laminating the substrate on 
the support. Such a lamination method includes a method that applies the adhesive 
to the surface of the support using a gravure coater and then bonds the substrate 
onto the support, a method that bonds the substrate to a re-peelable adhesive tape 
with low adhesion power such as a surface protection adhesive tape having the 
adhesive applied thereto beforehand, a method that directly applies the substrate- 
forming composition, such as a polyolefm resin, to the surface of the support, and 
then cures it, and so forth, though these methods are merely illustrative and in no 
way restrictive. 

When the biaxially oriented polyester film is used as the support to 
laminate the substrate on the support and when the high density polyethyelene film 
is used as the substrate, a re-peelable acrylic adhesive having high bonding power 
to the polyester film can be used appropriately as the adhesive for bonding the 
support and the substrate. When it is desired to obtain a heat conductive sheet 
having high bonding power as the final product, it is preferred to use a release film 
subjected to the release treatment (preferably, silicone treatment) for the support 
and an adhesive having particularly high bonding power as the adhesive. 

A primer treatment may be further applied to the surface of the substrate 
after bonded to the support, if necessary, in order to improve adhesion of the heat 
conductive resin layer. When the substrate is the plastic film such as the polyolefin 
film, surface treatment such as corona discharge treatment may be conducted. 
When silicone gel is used as the binder resin, a primer such as the silicone type 
adhesive may be applied to the surface of the substrate. 

After the substrate is laminated on the support, the laminate of the support, 
the substrate and the sheet-forming mixture is subjected to the sheet forming work. 
It is preferred to apply in advance the mold release film (cover film) to the surface 
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of this laminate. The forming work of the sheet using the mixture can be carried 
out, preferably by rolling. Various rolling methods are available. For example, the 
laminate is guided between two rolls and is subjected to calendar forming. 
Alternatively, the laminate is rolled by a press machine. Finally, the resulting 
5 sheet is heated by a suitable heating means, giving the intended heat conductive 

silicone gel sheet (equipped with the substrate). 

In the production process described above, the sequence of the addition of 
the starting materials and other steps can be changed arbitrarily so long as the 
change does not exert adverse influences on the resulting sheet. 

10 Fig. 2 shows the example where the plastic film or the metal foil is used as 

the substrate. First, the support 21 is prepared as shown in Fig. 2(A). The 
biaxially oriented polyester film, for example, can be used for the support. Next, 
as shown in Fig. 2(B), the selected substrate 1 is bonded to the surface of the 
support 21. The high density polyethylene film or the aluminum fpil, for example, 

15 can be used for the substrate. Here, the support 21 and the substrate 1 can be 

bonded using a suitable adhesive such as an acrylic adhesive, though the adhesive 
is not necessary if the adhesive layer is applied to the surface of the support and/or 
the surface of the substrate used. After the bonding step is completed, the film- 
forming resin composition containing the binder resin and the heat conductive 

20 fillers, preferably the heat conductive compound, is applied to the substrate 1 

bonded onto the support 21, as shown in Fig. 2(C), forming the heat conductive 
resin layer 2. Furthermore, a release liner (not shown) is applied. Subsequently, 
the laminate obtained by the process steps described above is passed through two 
rolls, or is rolled by the press machine to heat and cure the resin layer and to 

25 convert the laminate to the sheet. The sheet so obtained is separated from the 

support. The heat conductive sheet having a small heat resistance in the thickness- 
wise direction can be obtained after a series of these process steps. 

Fig. 3 shows the example where the single spread adhesive film is used as 
the substrate. First, the support 21 is prepared as shown in Fig. 3(A). The 

30 biaxially oriented polyester film, for example, can be used for the support, as 

described already. Next, as shown in Fig. 3(B), the selected single spread adhesive 
film 30 is bonded to the surface of the support 21. The polyester liner obtained by 
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applying the adhesive layer 32 (such as the acrylic adhesive) to the surface of the 
polyester film 31, for example, can be used for the single spread adhesive film. 
Next, as shown in Fig. 3(C), the film-forming resin composition containing the 
binder resin and the heat conductive filler, preferably the heat conductive 
compound, is applied to the single spread adhesive film 30 bonded to the support 
21, forming the heat conductive resin layer 2. Furthermore, the release liner (not 
shown) is laminated. Subsequently, the laminate obtained by these steps is passed 
between two rolls, or is rolled by the press machine, so as to heat and cure the resin 
layer and to convert the laminate to the sheet. The resulting heat conductive sheet 
is separated from the support. The heat conductive sheet having a small heat 
resistance in the thickness-wise direction can be obtained after a series of these 
process steps. 

The heat conductive sheet obtained in this way can generally exhibit high 
heat conductivity of 2.0 W/m»K or above. Such high heat conductivity results 
from the composition of the heat conductive resin composition inherent to the 
present invention as described above. The heat conductive sheet according to the 
present invention can acquire high heat conductivity of at least 2.0 to 2.6 W/m«K 
or above and, at the same time, it can exhibit an excellent heat releasing property 
as a result of remarkably reduced interfacial heat resistance of the support. 

The heat conductive sheet is supported by the substrate. Therefore, when 
the sheet is peeled from the liner for bonding to the exothermic component such as 
the electronic component, or when it is peeled from the component to correct the 
bonding position after it is once bonded, the work can be carried out without 
elongation of the sheet. Because a difference of bonding power can be imparted 
between both sides of the sheet, the sheet remains reliably bonded to the 
predetermined component when the component is separated for repair. Since the 
heat conductive sheet of this invention is by far superior in handling property to the 
heat conductive sheets without the substrate, the working factor can be drastically 
improved when the exothermic components are assembled. Since the heat 
conductive sheet of the present invention can also keep the small heat resistance in 
the thickness-wise direction, it is particularly effective for heat radiation 
application of the electronic components, or the like. 
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Examples 

Hereinafter, the present invention will be explained with reference to 
Examples thereof. It is to be noted, however, that the invention is in no way 
limited to these examples. Incidentally, the term "parts" used hereinafter 
represents "parts by volume" unless specified otherwise. 

Example 1 

A silicone gel raw material (Toray-Dow Corning "SE1886") was prepared, 
and 22.5 parts each of its A and B solutions were mixed to give a silicone gel. 
Next, 13.75 parts of boron nitride particles (mean particle diameter = 10 urn, "HP- 
1", a product of Mizushima Alloy K. K.) and 41.25 parts of silicon nitride particles 
(mean particle diameter = 75 um, "P#240", a product of Nanko Ceramics K. K.) 
were carefully and sufficiently mixed to prepare mixed filler particles. The 
resulting silicone gel and the mixed filler particles were charged into a planetary 
mixer and were sufficiently kneaded until a uniform dispersion of the filler 
particles could be observed with eye. There was, thus obtained, a film-forming 
resin composition in the slurry form. 

A low tackiness adhesive film, Scotch™ polyester tape (75 urn-thick 
polyester film substrate, #5543, available from Minnesota Mining and 
Manufacturing Company) having re-peelability, was prepared as the support. 
After the release film was peeled from its adhesive surface, a 10 um-thick high 
density polyethylene film (a product of Thermo Co.) was laminated on the 
adhesive surface so exposed. The slurry resin composition prepared above was 
put to the polyethylene film of the resulting laminate film. A 75 um-thick 
polyester film (a product of Thermo Co.), having a cover film on the surface 
thereof that was subjected to peeling treatment, was laminated on the resin 
composition layer in such a fashion that the peel-treated surface of the cover film 
came into contact with the resin composition layer. The resulting laminate was 
subjected to calendar molding between two rolls and was heated at 120°C for 10 
minutes so as to cure the slurry composition to the gel. After this curing treatment 
was completed, the re-peelable single spread adhesive film that was used as the 
support and the polyester film used as the cover film were peeled. There was, thus 
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obtained, a 0.5 mm-thick heat conductive sheet having the construction in which 
the high density polyethylene film was laminated on the surface of the heat 
conductive silicone gel layer containing the silicon nitride particles and the boron 
nitride particles, which were uniformly dispersed in the silicon gel, and which had 
high softness and flexibility. 

An Evaluation Test was carried out in the following way in order to 
evaluate flexibility, heat resistance and handling property of the resulting heat 
conductive sheet. 

1 . Evaluation of flexibility: 

To evaluate flexibility of the heat conductive sheet, twenty sheets were 
laminated to a thickness of 10 mm. Next, Asker A hardness was measured using 
an Asker rubber hardness tester of Kobunshi Keiki K. K. In this example, the 
measurement value immediately after the hardness tester was pushed to the 
laminate sheet was employed as the hardness value (maximum value). The Asker 
A hardness of this heat conductive sheet was 10. 

For reference, the Asker A hardness of the commercially available silicone 
rubber sheet (without substrate; "Thereon GR-b", a product of Fuji Kobunshi 
Kogyo K. K.) was 80. In other words, it could be understood that the heat 
conductive sheet of this example had more excellent flexibility than the 
conventional silicone rubber sheet. 

2. Evaluation of heat resistance: 

To evaluate heat conductivity of the heat conductive sheet, the "heat 
resistance" of the sheet was measured. The heat conductive sheet was sandwiched 
between a CPU and an aluminum plate. After the sheet was pushed to the CPU at 
a predetermined pressure, a voltage of 7 V was applied to the CPU. Five minutes 
later, the temperature difference between the CPU and the aluminum plate was 
measured, and the heat resistance was calculated from the measurement value. 
The heat resistance of the heat conductive sheet of this example was 
0.098°C-cm 2 /W. 

For reference, the heat resistance of the commercially available silicone 
rubber sheet, "Thereon GR-b" described above was G.078°C-cm 2 /W. In other 
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words, it could be understood that the heat conductive sheet of this example had a 
heat resistance comparable to that of the conventional silicone rubber sheet. 
3 . Evaluation of handling property: 

To evaluate the handling property of the heat conductive sheet, the heat 
conductive sheet 10 was fitted as a heat transfer sheet between an LSI chip 14 and 
heat radiation fins 16 in the LSI device shown in Fig. 4. The heat conductive sheet 
could be fitted easily and reliably without any problems such as wrinkles, rupture, 
fitting mistakes, and so forth. 

For reference, because the commercially available silicon rubber sheet, 
"Thereon GR-b" described above, was devoid of the substrate, handling was 
difficult and the sheet underwent deformation when it was fitted to the LSI chip 
and the heat radiation fins. 

Example 2 

The procedures of Example 1 were repeated by using a 7 jim-thick 
aluminum foil (produced by Sumikei Alumi-Foil K.K.) as the substrate in place of 
the high density polyethylene film. Flexibility, heat resistance and handling 
property of the resulting heat conductive sheet were evaluated in the same way as 
in Example 1 with the evaluation results tabulated below. 

Asker A hardness: 7 

heat resistance: 0.096°Ocm 2 /W 

handling property: fair 

Example 3 

The procedures of Example 1 were repeated by using a 12.*im-thick 
aluminum foil (produced by Sumikei Alumi-Foil K. K.) as the substrate in place of 
the high density polyethylene film. Flexibility, heat resistance and handling 
property of the resulting heat conductive sheet were evaluated in the same way as 
in Example 1 with the evaluation results tabulated below. 

Asker A hardness: 1 0 

heat resistance: 0.093°Ocm 2 /W 

handling property: fair 
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Example 4 

The procedures of Example 1 were repeated by using a 6 [im-thick 
polyester film ("Tetron", a product of Teijin Co.) as the substrate in place of the 
high density polyethylene film. Flexibility, heat resistance and handling property 
of the resulting heat conductive sheet were evaluated in the same way as in 
Example 1 with the evaluation results tabulated below. 

Asker A hardness : 10 

heat resistance: 0. 102°C-cm 2 /W 

handling property: fair 

Example 5 

A silicone gel raw material (Toray Dow Corning "SE1886") was prepared, - 
and 22.5 parts each of its A and B solutions were mixed to give a silicone gel. 
Next, 13.75 parts of boron nitride particles (mean particle diameter = 10 ^m, "HP- 
1 H , a product of Mizushima Alloy K. K.) and 41.25 parts of silicon nitride particles 
(mean particle diameter = 75 ^m, "P#240", a product of Nanko Ceramics K.K.) 
were carefully and sufficiently mixed to prepare mixed filler particles. The 
resulting silicone gel and the mixed filler particles were charged into a planetary 
mixer and were sufficiently kneaded until a uniform dispersion of the filler 
particles could be observed with eye. There was, thus obtained, a film-forming 
resin composition in the slurry form. 

Next, a simple-spread adhesive tape to be used as the substrate was 
produced. A mixture, prepared by adding and sufficiently mixing 3 parts by 
weight of a cross-linking agent ("M-5A", a product of Soken Kagaku K. K.) to 100 
parts by weight of an acrylic adhesive ("SK-1501 U , a product of Soken Kagaku K. 
K.), was applied to a 50 ^m-thick polyester release film ("Purex release film G- 
50", a product of Teijin Co.) using a gravure roll, and the resulting coating was 
dried at 65°C for 5 minutes. The thickness of the adhesive layer of the simple- 
spread adhesive tape after drying was 5 \im. A 7 |im-thick aluminum foil (a 
product of Sumikin Alumi Foil K. K.) was laminated on the exposed adhesive 
surface of the resulting simple-spread adhesive tape. The slurry-like resin 
composition prepared in the preceding step was applied to the aluminum foil of the 
resulting laminate film. A 75 jim-thick polyester film (a product of Thermo Co.), 
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that had a cover film and underwent peeling treatment to the surface thereof, was 
laminated on the resin composition layer in such a fashion that the peel-treated 
surface of the cover film came into contact with the resin composition layer. The 
resulting laminate was calendar-rolled between two rolls and heated at 120°C for 
10 minutes to cure the slurry to the gel. After this curing treatment, the polyester 
release film used as the support and the polyester film used as the cover film were 
peeled. There was, thus obtained, a 0.5 mm-thick heat conductive sheet having the 
construction in which the aluminum foil having the adhesive layer was laminated 
on the surface of the heat conductive silicone gel layer in which the silicon nitride 
particles and the boron nitride particles were uniformly dispersed and which was 
excellent in flexibility. 

Flexibility, heat resistance and handling property of the resulting heat 
conductive sheet were evaluated in the same way as in Example 1 with the 
evaluation results tabulated below. 

Asker A hardness: 10 

heat resistance: 0.090°Ocm 2 /W 

handling property: fair 

Comparative Example 1 

The procedures of Example 1 were repeated by using a 18 ^m-thick 
polyimide film ("Capton", a product of Toray-DuPont) as the substrate in place of 
the high density polyethylene film for the purpose of comparison. Flexibility, heat 
resistance and handling property of the resulting heat conductive sheet were 
evaluated in the same way as in Example 1 with the evaluation results tabulated 
below. 

Asker A hardness: 80 

heat resistance: 0. 1 1 5°Ocm 2 /W 

handling property: fair 

Comparative Example 2 

The procedures of Example 1 were repeated using a 30 fim-thick high 
density polyethylene film (Thermo Co.) as the substrate in place of the high 
density polyethylene film for the purpose of comparison. Flexibility, heat 
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resistance and handling property of the resulting heat conductive sheet were 
evaluated in the same way as in Example 1 with the evaluation results tabulated 
below. 

Asker A hardness: 80 

heat resistance: 0. 1 12°Ocm 2 /W 

handling property: fair 

Comparative Example 3 

The procedures of Example 1 were repeated using as such the 10 ^im-thick 
high density polyethylene film as the substrate, that is, under the state where it was 
not supported by the re-peelable adhesive tape as the support, during the 
production of the heat conductive sheet. Flexibility, heat resistance and handling 
property of the resulting heat conductive sheet were evaluated in the same way as 
in Example 1, but none of the items could be measured. In other words, because 
calendar molding was carried out under the state where the substrate was not 
laminated on the support, the substrate was torn out during the molding process, 
and a heat conductive sheet that could be used sufficiently could not be obtained. 

Table 1 below shows the evaluation results of Examples 1 to 5 and 
Comparative Examples 1 to 3. 

Table 1 



Example 

No. 


Asker A hardness 


heat resistance 
rC-crnVWi 


handling 


Ex. 1 


. 10 


0.098 


fair 


Ex.2 


7 


0.096 


fair 


Ex.3 


10 


0.093 


fair 


Ex.4 


10 


0.102 


fair 


Ex.5 


10 


0.090 


fair 


Com.Ex. 1 


80 


0.115 


fair 


Com.Ex. 2 


80 


0.112 


fair 


Com.Ex. 3 


measurement was not possible 




Reference* 


80 


0.078 


inferior 



Reference*: commercially available silicone rubber sheet "Thereon GR-b" (trade 
name) 
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As can be understood from the evaluation results summarized in Table 1, 
all the heat conductive sheets according to the present invention had a small heat 
resistance in the thickness-wise direction because the substrate is appropriately thin 
or heat conductivity of the substrate is high, and have sufficient performance as the 
heat transfer sheet for electronic components. Because the heat conductive sheets 
have the substrate, their handling property is fair too. 

As described above, the present invention can provide a heat conductive 
sheet that has flexibility, can follow a specific shape such as ruggedness and 
curvature, which can therefore insure high adhesion and, at the same time, 
excellent heat releasing property due to remarkably reduced interfacial heat 
resistance, is free from the occurrence of wrinkle and rupture or elongation, even 
when the thickness is decreased, and is excellent in formability in sheet formation 
and in bonding work. 

Various modifications and alterations of the invention will become 
apparent to those skilled in the art without departing from the spirit and scope of 
the invention, which is defined by the accompanying claims. For example, it 
should be noted that steps recited in any method claims below do not necessarily 
need to perform in the order that they are recited. Those of ordinary skill in the art 
will recognize variations in performing the steps from the order in which they are 
recited. For example, in certain embodiments, steps may be performed 
simultaneously. The accompanying claims should be constructed with these 
principles in mind. 
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What is Claimed is: 



L A heat conductive sheet including a substrate and a heat conductive 
resin layer applied to at least one surface of said substrate, characterized in that 
said heat conductive resin layer contains a binder resin, and a heat conductive filler 
dispersed in said binder resin. 

2. A heat conductive sheet according to claim 1, wherein said substrate 
comprises a plastic film, a metal foil or a single spread adhesive film. 

3. A heat conductive sheet according to claim 2, wherein said plastic 
film is a polyolefin film. 

4. A heat conductive sheet according to claim 1, wherein said heat 
conductive resin layer is formed by applying a film-forming resin composition to 
the surface of said substrate under the state where said substrate is held on a 
support. 

5. A heat conductive sheet according to claim 1, wherein said binder 
resin comprises at least one resin selected from a silicone gel resin, a urethane 
resin, a synthetic rubber type resin, and an acrylic thermoplastic resin. 

6. A heat conductive sheet according to claim 1, wherein said binder 
resin comprises at least one of a silicone gel resin and a urethane resin. 

7. A heat conductive sheet according to claim 1, wherein said heat 
conductive filler comprises an inorganic filler, 

8. A heat conductive sheet according to claim 1, wherein said heat 
conductive filler comprises two or more inorganic filler particles having mutually 
different article diameters. 
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9. A heat conductive sheet according to claim 1, wherein said heat 
conductive filler comprises silicon carbide particles and boron nitride particles. 

10. A method of producing a heat conductive sheet including a 
substrate and a heat conductive resin layer applied to at least one surface of said 
substrate, comprising the steps of: 

supporting said substrate by a support; 

applying a film-forming resin composition.containing a binder resin and a 
heat conductive filler to a non-supporting surface of said substrate to form a heat 
conductive resin layer; and 

separating the resulting heat conductive sheet from said support. 
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§1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all information material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in 
dealing with the Office, which includes a duty to disclose to the Office all information known to that 
individual to be material to patentability as defined in this section. The duty to disclose information exists 
with respect to each pending claim until the claim is cancelled or withdrawn from consideration, or the 
application becomes abandoned. Information material to the patentability of a claim that is cancelled or 
withdrawn from consideration need not be submitted if the information is not material to the patentability 
of any claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all information 
known to be material to patentability is deemed to be satisfied if all information known to be material to 
patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the 
manner prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in 
connection with which fraud on the Office was practiced or attempted or the duty of disclosure was 
violated through bad faith or intentional misconduct. The Office encourages applicants to carefully 
examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material 
information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a 
claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in 
the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion 
of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of 
this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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DECLARATION, POWER OF ATTORNEY, AND PETITION 

I, a below named inventor, depose and say that: (1) my residence, citizenship, and mailing 
address are indicated below; (2) I have reviewed and understand the contents of my patent application, 
including the claims, as amended by any amendment specifically referred to herein, which is identified as 
PCT International Patent Application Serial No. PCT/US00/30614 filed 11/7/00, bearing Attorney Docket 
Number 55259PCT1 A.003; (3) I believe that the other below named inventors and I are the original, first, 
and joint inventors or discoverers of the invention or discovery in 

HEAT CONDUCTIVE SHEET AND METHOD OF PRODUCING THE SHEET 

described and claimed therein and for which a patent is sought; and (4) I hereby acknowledge my duty to 
disclose to the Patent and Trademark Office all information known to me to be material to the 
patentability as defined in Title 37, Code of Federal Regulations, §1.56*, and that no application for patent 
or inventor's certificate on this invention or discovery has been filed by us or our legal representatives or 
assigns in any countiy foreign to the United States of America except Japanese Application No. 11-340138 
filed 11/30/99 upon which we hereby claim foreign priority benefits under Title 35, United States Code 
Section 119. 

I hereby appoint Gregory D. Allen (Reg. N o. 35,048), A lan Ball (Reg, No . 42,286) , Scott A. 
Bardell (Reg. No. _ 39.594), Carolyn A. Bates (Reg. No.^27,853), Stephen W. Bauer (Reg. No. 32,192), 
Dale A. Bjorkman (Reg. N o. 33,084)^ Colene E. H. Blank (Reg. ffo T~4 1,056), Je nnie G. Boeder (RSgTT^o: 
28,952), William J. Bond (Reg. No . 32,400), Stephen W. Buckingham (Reg. No. 20^035), John A. Burtis 
(Reg. No . 39,924)^P aul W. Busse (Reg. N o. 32,403) Gerald F. Chernivec (Reg. N p^ 26,537), James D. 
Christoff (Reg. No.„lL492), Philip Y. Dahl (Reg. No36,115), Janice L. Dowdall (Reg. No. 3 1,20 1^ Lisa 
M. Fagan (Reg. No. 40,601), C arolyn A. Fischer (Reg. No. 39^09 1\ Yen T. Florczak (RegTNo.. 41363), 
Darla P. Fonseca (Reg. No . 31,783), John A. Fortkort (Reg. No. 38,454), M elanie G. Gover (Reg, No. 
41,793), Christopher D. Gram, (Reg. No . 43,643), Gary L. Griswold (Reg. No . 25,396), Doreen S. L. 
Gwin (Reg. No.^35,580), Michaele A. Hakamakf(Reg. N o, 40,01 1), Karl G. Hanson (Reg. No. 32,900), 
Nestor F. Ho (Reg. No . 39,460), Rudolph P. Hofinann, Jr." (Reg. No. 38,187), Jeffrey J. Hohenshell (Reg. 
No. 34,109) , Robert W. Hoke (Reg. No. _2g t 226j L MarySusan Howard (Reg. No. 38J29X Stephen C. 
Jensen (Reg. No. .35.207). Robert R Jordan (Reg. No. 31,973), Harold C. Knecht nf^egT >To. 35,576^ 
Kent S. Kokko (Reg. No. 33,931), Charles D. Levine (Reg. No. 32,477), Douglas B. Little (Reg. No. 
28,439),_ Eloise J. Maki (Reg. No. 33,4181 Lisa M. McGeehan (Reg. N q.^_4 1,185), M atthew B. McNutt 
(Reg. No. 39,766), Michelle M. Michel (Reg. N o. 33,968), William D. Miller (Reg. No . 37,98gX Peter L. 
Olson (Reg. No. 35,308), Daniel R. Pastirik (Reg. No. 33,025), David B. Patchett (Reg. No. 39,326) , 
Robert J. Pechman (Reg. No, 45,002), C arolyn V. Peters (Reg. No. 33,271), Scott R Pribnow (Reg. No. 
43,869), Ted K. Ringsred (Reg. No. 35,658\ J ames A. Rogers (Reg. No . 37,228). Steven E. Skolnick 
(Reg. No. J 3, 789) , Robert W. Sprague (Reg. No.J50 i 497) ;w Brian E. Szymanski (Reg, N o^39,523), James J. 
Trussell (Reg. No.^2^251), Lucy C. Weiss (Reg. No. 32,834), a nd Kimberly S. Zillig (Reg. No v J 46,346) 
my attorneys and/or agents with full powers (including the powers of appointment, substitution, and 
revocation) to prosecute this application and any division, continuation, continuation-in-part, 
reexamination, or reissue thereof, and to transact all business in the Patent and Trademark Office 
connected therewith; the mailing address and the telephone number of the above-mentioned attorneys 
and/or agents are 

Attention: Lisa M. McGeehan 
Office of Intellectual Pr o perty Counsel 
3M Innovative Properties Company 
P.O. Box 33427 

St. Paul, Minnesota 55133-3427 

Telephone No. (651) 733-0547 
The undersigned petitioner declares further that all statements made herein of his own knowledge 
are true and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 



♦Title 37, Code of Federal Regulations, §1.56 is attached. 
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Wherefore, I pray for grant of Letters Patent for the invention or discovery described and claimed 
in the aforementioned specification and we hereby subscribe our names to the foregoing specification and 
claims, declaration, power of attorney, and this petition, on the day set forth below. 



/ Z- / # S~~ / & o 

Mitsuhiko Okada Date 
% Residence: 16-8-205, Yabe 4-chome, Sagamihara-city, 

Kanagawa 229 Japan ^~0xj 
Citizenship: Japanese J « X s 

Post Office P.O. Box 33427 
Address: St. Paul, Minnesota 55 133-3427 



Tomoaki Uchiya 



Date 



Residence: 

Citizenship: 
Post Office 
Address: 



14-1-402, Yabe 1-chome, Sagamihara-city, 
Kanagawa 229 Japan ~~r$\/* ^ 
Japanese JT A 

P.O. Box 33427 

St. Paul, Minnesota 55133-3427 
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